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Abstract
The zooplankton community of Little Fish Lake exists in a seasonally and interannually 
variable physical environment. This shallow endorheic lake is particularly sensitive to 
climatic variability; depth and salinity fluctuate during periods of prolonged evaporation or 
precipitation. I examined zooplankton seasonal succession in Little Fish Lake during a 
period of relatively low salinity from March 1995 through March 1996. The community 
was more diverse during my study than it had been in periods of high salinity. While 
abiotic conditions probably affected the community structure, biotic interactions such as 
predation likely influenced succession as well. I observed interactions between the 
predaceous rotifer Asplanchna silvestrii and six potential prey species with which it co­
occurs. Since A. silvestrii occurs in three morphologically and behaviorally distinct 
morphotypes, I assessed the vulnerability of prey with each predator morphotype. 
Predator morphotype and prey type both significantly affected the outcome of each 
predation event. These predator-prey interactions are particularly interesting because all 
the species commonly occur in alkaline, saline lakes where biotic interactions may be 
relatively simple due to the scarcity of organisms that can tolerate the unusual chemical 
conditions.
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Introduction
Because ecosystems are not static, ecological research requires not only an enumeration of 
organisms, but an understanding of how and why the presence and abundance of taxa vary 
spatially and temporally in a dynamic community (Makarewitz and Likens 1975, Sousa
1984). In freshwater zooplankton communities, spatial heterogeneity exists both 
vertically and horizontally (Makarewitz and Likens 1975, Miracle 1977, Folt 1987) and 
may be enhanced by any factor which makes a microhabitat unique, such as a seasonal 
algal mass that provides a suitable environment for periphytic species (Dumont 1977). 
Temporal variation of habitats and communities may be evident within a short timespan 
(e.g. migration of organisms in response to diel light or temperature changes), over a 
geological timespan in which community assemblages change with the changing character 
of the lake, or any timescale in between (Harris 1986). In most lakes, seasonal 
temperature variation provides at least moderate temporal habitat heterogeneity 
(Hutchinson 1967, King 1972, Miracle 1977, Harris 1986). In arid and semi-arid regions, 
where evaporation is often greater than annual or seasonal recharge, salinity may also 
provide long-term and short-term temporal variability of a habitat. Shallow lakes with no 
outflow, which are reasonably common in the West, accumulate ions over long periods 
(Hutchinson 1937), and may also experience drastic seasonal and interannual fluctuations 
in salinity during periods of prolonged drying or precipitation (Cole 1974).
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In addition to the abiotic factors which constitute the ecological boundaries of a habitat, 
biotic interactions play an integral role in determining niche characteristics for zooplankton 
populations (Hutchinson 1961, Brooks and Dodson 1965, Dodson 1974, Dumont 1977, 
Brandi and Fernando 1979, Makarewitz and Likens 1975, Threlkeld 1980, McQueen et al. 
1986, Saunders and Lewis 1988, Williamson 1989, Urabe 1992). Competition among 
zooplankton, predation, food availability, and other biotic factors such as parasites and 
disease, can all contribute to strong and sometimes complex interactions among 
populations which will affect community structure. Aquatic research has a long history of 
attempting to separate the effect of predation on communities from other factors, and 
predation is often found to be a significant effector of prey population dynamics and 
community structure (Kerfoot and Sih 1987).
In 1965, Brooks and Dodson attempted to explain the frequent observation that large 
zooplankton and small zooplankton typically do not exist together. The size-efficiency 
hypothesis emphasized the importance of both competition and predation in determining 
zooplankton community composition. The main assumptions were as follows:
1. Zooplankton all compete for fine particulate matter (1-15 mm).
2. Larger zooplankton graze more efficiently (due to relatively reduced metabolic 
demands per unit mass) and can take larger food particles in addition to the small 
particles.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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3. Larger zooplankton are more frequently eaten by visual (vertebrate) predators. When 
visual predators are abundant, small zooplankton will dominate. If  visual predation is 
moderate, large and small zooplankton may coexist. In the absence of predators, large 
zooplankton will exclude small zooplankton
In 1974, Dodson reviewed the size-efficiency hypothesis in light o f subsequent research. 
The assumption that larger zooplankton always outcompete smaller zooplankton was 
difficult to substantiate. While zooplankton probably often share food resources, there is 
evidence of selectivity and constraints or abilities in feeding that are independent of size 
(Dumont 1977, Pourriot 1977, Starkweather 1980). In direct contradiction of the size- 
efficiency hypothesis is the finding that some rotifers (small zooplankton) can utilize a 
filamentous cyanobacteria (a relatively large food) that cladocerans (large zooplankton) 
are generally unable to use (Dumont 1977, Starkweather 1983).
One alternate hypothesis developed to partially explain the exclusion of small zooplankton 
by larger zooplankton is interference competition. While large cladocerans often do 
suppress rotifer populations through competition for shared resources (reviewed by 
Gilbert 1988a), they may also mechanically interfere with rotifers (Gilbert and Stemberger
1985). Rotifers frequently get swept into the branchial chamber o f feeding Daphnia. 
They may be rejected unharmed, but are often rejected damaged or dead. These non­
competitive, non-predatory impacts can substantially suppress rotifer populations (Gilbert 
and Stemberger 1985, Gilbert 1988a & 1988b, Maclsaac and Gilbert 1991, Fradkin 1995).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Dodson (1974) also highlighted the previously understated importance o f invertebrate 
predation in determining community structure. Freshwater invertebrate predators are 
usually small, tactile predators that feed mainly on small zooplankton. The small size that 
protects some zooplankton species from detection by a visual predator is a liability when 
confronted with a tactile predator that requires a small, easily manipulated prey. Larger 
prey, or otherwise unwieldy prey, are protected from many invertebrate predators 
(Dodson 1974, Stemberger and Gilbert 1987a). Testament to the importance of 
invertebrate predators in aquatic communities is the variety of adaptations that protect 
zooplankton from invertebrate predators. Hairston and Munns (1984) suggest that 
diapause of some prey species is evolutionarily timed such that the prey is dormant while 
the predator is active. Some rotifer species show vertical migration that is negatively and 
significantly correlated with the diurnal migrations of certain predaceous copepods 
(Stemberger and Gilbert 1987a). Morphological defenses may be induced by predators in 
phenotypically plastic prey species. In the presence of certain invertebrate predators, 
some prey species v/ill elaborate protective extensions of the carapace (crustaceans) 
(reviewed by Havel 1987) or the lorica (rotifers) (reviewed by Stemberger and Gilbert 
1987a) which make an otherwise vulnerable prey too unwieldy for a small predator.
The relatively large predatory rotifer Asplcmchna silvestrii is the largest Asplanchna 
species, often exceeding 2 mm under lab conditions (Gilbert 1985a). Asplanchna is a 
tactile predator. All of the sensory organs for prey recognition are located on the corona
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(Gilbert 1980b, Clement et al. 1983). After recognition, Asplcmchna orients toward the 
prey and the mouth opens to admit the prey into the pharynx. The muscles of the corona 
are contracted to draw the prey into the pharynx and the jaws manipulate and push the 
prey down into the stomach (Gilbert 1980b). Asplanchna species prey mainly on other 
rotifers but are also known to eat small crustaceans (Powers 1912, Rousselet 1913, 
GUbert 1980).
Three Asplcmchna species are polymorphic: A. sieboldi, A. intermedia, and A. silvestrii 
(Gilbert 1985a). This polymorphism has been most thoroughly studied in A. sieboldi by 
Gilbert (1973, 1975, 1976, 1978, 1980a, 1981). The polymorphism of A. silvestrii 
appears to be comparable to that which occurs in A. sieboldi. There are 3 known 
morphotypes of A. sieboldi, varying in body size and shape. Upon emergence from 
diapause, A. sieboldi are the very small saccate form (approximately 0.5-0.8 mm). 
However, a diet that includes a specific molecular form of vitamin E (a-tocopherol) will 
ultimately result in the production of the two other morphotypes in the immediately 
following generation: the cruciform (1.0-1.7 mm in A. silvestrii), and the campanulate 
(1.4-2.2 mm in A. silvestrii). The a-tocopherol molecule is present in most 
photosynthetic organisms, and so is usually abundant in natural systems. While the 
cruciform is quickly induced by a vet}' small level of a-tocopherol, the factors controlling 
the frequency with which campanulates are produced in relation to cruciforms is not 
entirely understood (Gilbert 1981). Powers (1912) was able to induce the production of 
campanulates in Asplanchna cultures by feeding them the cladoceran Moina macrocopa
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or allowing them to cannibalize each other, and Gilbert (1981) induced campanulates in A. 
sieboldi cultures by feeding them congeneric prey. My observations of A. silvestrii 
cultures also suggest that the production of campanulates is greatest when cultured on 
crustacean prey or allowed to cannibalize. The morphotypes vary distinctly in body shape 
(see Figure 1). Cruciforms can be identified easily by their pronounced body-wall- 
outgrowths. Campanulates have a characteristic bell shape due to their enlarged coronae. 
These morphological differences should result in varying predatory abilities and food 
requirements among intraclonal morphotypes.
Generally, the zooplankton predation process is thought to consist of 4 functional 
elements: encounter, attack, capture, and ingestion (Gerritsen and Strickler 1977). If a 
prey excels in avoiding the predator at any step, the prey can substantially reduce or 
eliminate its probability of being eaten. Similarly, the predator may be exceptionally 
effective in executing one of the steps, increasing its likelihood of getting a meal. By 
observing these interactions between a predator and prey, researchers gain insight into 
prey defenses and predator "strategies."
In this study, I will address the role of predation by the three morphotypes of A. silvestrii 
in population fluctuations of suspension-feeding rotifers by using a combination of field 
observations and lab experiments. I expect that seasonal abiotic factors and competitive 
relationships among the zooplankton are important in driving zooplankton succession. 
However, I hypothesize that rotifer populations in Little Fish Lake could be at least
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 1. Predator morphotypes and prey drawn to scale.
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partially influenced by the appearance o f the predaceous A. silvestrii and its succession 
through morphotypes.
To explore this aspect of Asplanchna silvestrii predation, I chose to observe the 
interactions of the 3 morphotypes with prey from its habitat. Little Fish Lake (Figure 1). 
The following prey species that I studied vary in size, mobility, and lorica shape. 
Brachionus plicatilis occurs in two morphotypes, commonly known as L-type (large) and 
S-type (small). Recently, compelling evidence has appeared that these two animals should 
be classified as separate species, Brachionus plicatilis and Brachionus rotundiformis 
respectively (Fu et al. 1991, Rumengan et al. 1991, Segers 1995), but I will refer to them 
as B. plicatilis large and small throughout this manuscript Brachiomts pterodinoides is a 
disk-shaped, dorso-ventrally compressed rotifer. Although it has been reported to occur 
in other alkaline, saline lakes (Rousselet 1913, Edmondson 1966), there have been no 
detailed studies of this rotifer. Brachionus satanicus also appears to be restricted to 
alkaline, saline lakes. It is known to display phenotypic plasticity in spine length, but the 
proximate and ultimate causes remain unresearched (Rousselet 1913, W.T. Edmondson 
personal communication). Its posterior spines vary greatly between the two forms shown 
in Figure 1. Spines on prey are known to decrease Asplanchna's ability to feed, and in 
some Brachionus and Keratella species, longer spines may be induced to appear in 
subsequent generations by the presence of Asplattchna (Stemberger and Gilbert 1987a, 
1987b). Defensive behavior is also effective against predation; the escape response of 
Polyarthra is known to protect it from Asplanchna predation (Gilbert and Williamson
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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1978). Polyarthrà’s escape response, a long fast jump immediately after contact with the 
predator, is quite similar to that of Hexarthra, a rotifer that is less well known. Only one 
other observational study of this kind has been published on the rotifer Hexarthra as a 
prey species (Sarma 1993). This study found Asplanchna brightwelli entirely unable to 
capture Hexarthra intermedia due to the effective escape response initiated by H. 
intermedia after contact with the predator. Urabe (1992) reported the absence of H. 
intermedia in A. brightwelli gut contents despite the abundance of this potential prey in 
the habitat. The ability of Asplanchna to utilize copepod nauplii is currently unknown. 
Nauplii are generally quite evasive and unpublished observations suggest that Asplanchna 
is unable to capture copepod nauplii (C.E. Williamson personal communication). The 
extent to which each potential prey species may co-occur with A. silvestrii in Little Fish 
Lake depends greatly upon the variable abiotic conditions of this unusual lake.
This particular array of prey and assemblage of conspecific predators presents an excellent 
system in which to study predator-prey interactions. By comparing the performance of 
each predator morphotype, I can assess each morphotype’s strengths and weaknesses as a 
predator; by using this group of prey I can address specific prey characteristics that may 
affect predation:
• Size. Large and small B. plicatilis can be compared to determine what effect size may 
have on predation of these otherwise similar rotifers.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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• Mobility. H. jenkinae can be compared to the other less mobile rotifers o f similar size 
(large B. plicatilis and B. pterodinoides) to explore how effective mobility is as a 
defensive strategy.
• Taxon. The copepod nauplii can be compared to the similarly sized and evasive rotifer 
H. jenkinae to determine whether taxon of the prey affects Asplanchna predation.
• Spines. The short-spined B. satanicus can be compared to the similarly sized small B. 
plicatilis to assess whether the short-spined lorica affords protection against 
Asplanchna predation. (Difficult)' in culturing B. satanicus precluded experiments on 
the long-spined morphot>’pe.)
The predator-prey interactions of the species in this study are currently unresearched. 
While this assemblage of organisms is interesting to study for the reasons described above, 
this study is ecologically pertinent as well. A. silvestrii is icnowji to occur with all of these 
prey species in other alkaline, saline lakes (Rousselet 1913, Hutchinson 1966). In these 
lakes, where community structure can be relatively simple due to the few species that can 
endure the physical conditions (Edmondson 1991), the predation of A. silvestrii may 
strongly affect the zooplankton community. Its succession through morphotypes may also 
exert different types of predation pressure on the zooplankton community that could result 
in changes in community structure as morphotype dominance shifts.
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Methods 
Study site
Little Fish Lake is located in the Little Fish Lake Valley between the Hot Creek Range and
the Monitor Range of central Nevada (38°30'N, 116“30'W). The lake basin is
approximately 1.5 km long (N-S axis) and 1 km wide. The deepest point I have found
measured 2 m, near the center of the lake in July 1995. However, this measurement likely
varies seasonally and interannually due to the fluctuating precipitation and spring flow
patterns of the area. The surrounding vegetation is likely strongly influenced by the long
history of cattle grazing in Little Fish Valley, consisting mainly of sagebrush (Artemisia
tridentata) and rabbitbrush (Chrysothamnus nauseosus) which afford little protection
against strong winds that normally blow fi-om the north. The strong wind shear and
shallow basin morphology suggest that the lake is unlikely to stratify. I took vertical
measurements of temperature and oxygen near the center of the lake in July 1995 when
conditions seemed most favorable for stratification, but the measurements profile a well-
mixed water column. At an altitude of approximately 1800 m. Little Fish Lake is subject
to seasonal extremes. Although this relatively high elevation receives snow in the winter,
summer temperatures may exceed 37° C (NCDC 1994), and the low humidity and
precipitation that are typical of the semi-arid Great Basin can contribute to evaporation far
in excess o f recharge. Spring normally brings recharge in the form of rainfall and
11
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snowmelt from higher elevations. The lake does not have a contemporary outlet and so is 
subject to seasonal and interannual hypersalinity during very dry periods. Little Fish Lake 
is typical of shallow endorheic lakes of the Great Basin in its high sensitivity to climatic 
variability (Grimm et al. 1996); a few months of excessive drying or consistent 
precipitation drastically alter its size, depth, and salinity. During this study conductivity 
dropped from 9700 p.S cm'* to 3200 fiS cm'* within 5 months. The lake appears to be the 
dwindling remnant o f a much larger late-Pleistocene lake. Local ranchers suggest that the 
lake has had an outlet on the south shore in the past century, and during extremely high 
and prolonged precipitation it may occasionally have a southern outflow. When the lake 
level is high, the north shore sometimes adjoins several freshwater (320 jxS cm'*) springs. 
Small planktivorous Tui chubs (Gila bicolor) live in the springs throughout Little Fish 
Lake Valley. The Tui chubs are capable of entering the lake from the springs despite the 
formidable salinity difference, and I have observed them schooling near the shore of the 
lake for several months after I noted this connection in March 1995.
Field methods
My first visit to Little Fish Lake was 15 October 1994. I measured air temperature (to the 
nearest 0.1 °C), water temperature (to the nearest 0.1 °C), and dissolved o^qrgen content 
(to the nearest 0.1 mg liter'*) approximately 2 m off the northeast shore. I took several 
plankton tows from the northeast shore with a 64 pm mesh plankton net to collect live 
samples and 3 plankton tows which I preserved immediately in sugar formalin (Haney and 
Hall 1973). I also collected whole lake water with which to culture animals in the lab.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Starting 1 m from the water, I collected mud samples (approximately 200 cc each) 
perpendicular to the water edge a t l m , 2 m , 3 m , 6 m , 9 m , 1 2 m , 1 5 m , 1 8 m ,  and 21 m. 
With the exception of the mud collection, I followed these methods in all subsequent visits 
when the lake was free of ice. When the lake was covered with ice, I made a hole in the 
ice and took all samples and measurements through this hole. Inclement weather and poor 
road conditions prevented travel to the lake from November 1994 through February 1995. 
In March 1995,1 began sampling the lake once a montli for 13 months.
Zooplankton enumeration
Since one of the three preserved samples from each month had usually been previously 
opened and examined, I chose the other two preserved tows from which to enumerate 
subsamples. I decanted 6 ml of preseived plankton tow into a plastic container and added 
a few drops of a mild surfactant (Linbro 7X cleaning solution) to inhibit clumping of the 
plankton and movement of the animals during counting (APHA 1995). I counted all 
animals (noting the morphotypes oîA. silvestrii and B. satanicus separately) present in the 
6 ml subsample at a magnification of 32X and I repeated this process until the subsample 
species counts from one tow varied by less than 5%. I then subsampled the second tow in 
the same manner, and summed the counts. The plankton tows taken through the ice in 
December 1995 and January 1996 contained far fewer animals than any other month, both 
because fewer animals were present and the tows were shorter, so I counted the entirety 
of all three plankton tows in each of these months. From these data, I calculated relative 
abundances of all species. Although plankton tows were variable in length, I estimated the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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length of the tows in order to calculate the amount of water sampled and thus the 
approximate densities for each species.
Lab methods
Immediately upon returning to the lab, I measured conductivity (to the nearest 
100 pS cm’*) and pH (to the nearest 0.1) of the lake water and examined the live plankton 
tows. I stored the mud samples in open plastic bags at 12 “C throughout the research 
period.
Culturing
I stored the live samples and cultures in either a 12 °C or 19 °C incubator, depending upon 
the temperature of the lake at the time the samples were taken. I attempted to culture each 
rotifer I encountered. I initiated all cultures o f suspension-feeding rotifers in GF/F glass- 
fiber filtered lake water with a suspension of Chlorella minutissima (UTEX 2341) in 
plastic petri dishes at 19°C. The algae was grown on Artificial Seawater medium (Starr 
and Zeikus 1993). I transferred the animals to fresh medium and algae every 1-2 days. 
Asplcmchna silvestrii was cannibalistic when in group culture, so I maintained individuals 
separately in 2 ml tissue culture well plates. The larger morphotypes ate Artemia 
franciscana nauplii that I hatched in the lab fi’om commercially available cysts (Argent 
Chemical Laboratories). The saccates fed on various suspension-feeding rotifers firom 
Little Fish Lake cultures, usually B. plicatilis. Every 1-2 days, I transferred all A.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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silvestrii to fresh medium and gave them prey in amounts that appeared to be in excess o f 
their requirements.
I could not culture several rotifer species I encountered and some successful cultures 
required more rigorous maintenance than others. Hexarthra jenkinae and Brachionus 
satanicus cultures v/ere very sensitive to food availability and quality. I repeatedly 
regenerated these cultures from diapause embryos in the mud samples taken from the lake 
shore in October 1994. I placed approximately 2 cc of mud (usually from the 2 m sample) 
in a petri dish of deionized water and incubated it at 19 “C. In 2-6 days, I removed 
hatched target rotifers and reinitiated cultures in GF/F glass-nber filtered lake water and 
C. minutissima. H. jenkinae and B. satanicus cultures required fresh medium and algae 
daily to ensure survival. A single day of neglect almost always resulted in total mortality.
Saccate A. silvestrii cultures were also difficult to maintain since the ingestion of 
algivorous prey induces the production of cruciforms and campanulates (Gilbert 1980a). 
Thus I constantly removed saccates from mud treatments and lake water samples to 
replenish saccate cultures. When the mud samples no longer produced Asplanchna, I 
collected diapause embryos from a mass culture that I fed irregularly and monitored the 
embryos until saccates hatched.
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Predcüion experiments
I isolated A. silvestrii individuals from prey prior to the experiment. I varied the time of 
food deprivation (usually termed “starvation” time) for A. silvestrii depending upon how 
satiated each animal was when I removed it from culture. The larger morphotypes fed 
Artemia nauplii ad libidum were often quite sedentary for up to 6 hours after removal. 
Campanulates were typically starved longer than cruciforms and saccates because they 
were frequently visibly satiated with nauplii when taken out of the culture. I usually 
starved campanulates and large cruciforms (>1.6 mm) 6 to 14 hours if potential prey were 
still present in the culture when I removed the predator. I starved saccates and small 
cruciforms 2 to 10 hours if potential prey were still present in the culture. If an individual 
had been without food for an unknown period, I fed it one nauplius (or 2 rotifer prey for 
saccates and small cruciforms) and initiated experiments within 2-6 hours. I expected this 
variable method of starvation to subject all predators to a similar relative degree of 
starvation, by taking into account their size differences and different levels of food 
availability, such that behavior would not vary due to hunger. The efficacy of this 
approach was supported by an analysis which suggested that predator behavior was not 
dependent upon starvation time in this study. I performed linear regression within groups 
of predator morphotype and prey type, to determine if there was any relationship between 
starvation time and encounters per minute or attacks per encounter. These are the two 
steps where I would expect the predator to exhibit behavioral differences due to hunger, 
becoming more aggressive and less discriminating, or weakening from starvation
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(Williamson 1980). The analyses never detected a significant relationship (p > 0.05, 
SigmaStat 2.0) between the starvation period and the behavior of the predator.
1 recorded the length of each predator (to the nearest 0.1 mm) and the morphotype. 
Although individuals may have characteristics of two morphotypes, I classified an 
individual according to which morphotype it most resembled (Gilbert 1980a). None of the 
saccates had strongly developed body-wall outgrowths and never exceeded 1 mm in total 
body length. I identified cruciforms by their distinct body-wall outgrowths and corona 
that is more narrow than the outgrowths. The size of the cruciforms was the most wide- 
ranging of the morphotypes since I found this distinct body shape to occur in animals 1 to
2 mm, the most common being between 1.3 mm and 1.7 mm. I identified campanulates by 
the corona that is broader than the body, reduced body-wall outgrowths, and relatively 
large size (1.6 to 2 nun).
I removed thirty individual prey fi'om culture and placed them in 2 ml of GF/F glass-fiber 
filtered lake water in a glass depression plate. I made no effort to exclude or include 
algae. The temperature was 20-21 “C. I observed the interactions between the predator 
and the prey under a dissecting microscope (32X), with transillumination fi'om below, for 
30 minutes or 3 prey ingestions. These limitations were designed to avoid effects of 
satiation of the predator during the observation period. I noted each encounter betweeen 
the predator and potential prey, attack following encounter, and successful ingestion 
following an attack. Since most prey species exhibited some phototactic swarming and B.
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pterodinoides often settled on the bottom after swarming toward the brightest area, I 
slowly rotated the plate approximately once a minute to keep the prey moving and more 
or less uniformly distributed.
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Predation Data Analysis
I used SigmaStat 2.0 to perform a two-way ANOVA on the results from each stage o f the 
predation data (encounter per minute, attack per encounter, ingestion per attack, and 
ingestions per minute), casting the predator morphotype against prey type. Before 
executing an ANOVA, the program uses a Kolmogorov-Smimov test to determine 
whether the data meet the normality and uniform variance assumptions o f the two-way 
ANOVA Sokal and Rohlf (1981) suggest that moderate nonnormality wiU not seriously 
affect the results of the ANOVA, and recommend transformation of the data to equalize 
variance among the data.
Logarithmic transformation of encounters/minute and ingestions/minute improved the fit 
of these variables to the variance and normality assumptions of the ANOVA, although no 
transformation could fully remedy the heteroscedasticity of the data. I performed arcsine 
transformations on the attack/encounter and ingestion/attack data, since this 
transformation is most appropriate for data that are expressed as percentages (Sokal and 
Rohlf 1981); the transform slightly increased normality and homogeneity of the variances. 
I chose to execute two-way ANOVAs even if the data were not normally distributed or 
equal in variance, since the two-way ANOVA is uniquely suited to this type of data set in 
its analysis of the effects and interactions of two factors and cautious interpretation of the 
ANOVA results is useful in describing the data. If the ANOVA detected significant
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differences present among the data sets, I performed pairwise comparisons with a Tukey 
test to determine which variables significantly affected the results.
Given the frequent failure of the data to meet normality and equal variance assumptions of 
the ANOVA, I also performed a Kruskal-Wallis Ranks test (and subsquent pairwise 
comparisons with the Dunn's test) that separately assessed the effect of predator 
morphotype and prey type on each stage of predation. This non-parametric test allows a 
conservative interpretation of the data, with parallel consideration of the two-way 
ANOVA useful in examining more subtle or complex interactions among the treatment 
results.
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Field data
The salinity of Little Fish Lake was 9700 pS cm‘‘ in October 1994. The lake level 
appeared to be very low, as the muddy shore extended 21 m from the shoreline to the 
margin of the surrounding terrestrial vegetation on the northeast shore. The water 
temperature was 3.2 “C and the air temperature at the time o f my visit was 3.0 “C. 
Dissolved oxygen content approximately 2 m from the shore was 12.2 mg liter \  The 
zooplankton community was composed entirely of 2 rotifer species: Hexarthra jenkinae 
and two morphs of Brachionus plicatilis. I noted no other animals in the lake at this time.
Atypical weather conditions from November 1994 through June 1995 contributed to 
drastically reduced salinity in Little Fish Lake (Figure 2); by March 1995, the conductivity 
had dropped from 9700 jiS cm‘̂  to 3200 |iS cm'\ November 1994 was one o f the coldest 
and snowiest Novembers on record in many parts of Nevada (James 1995), but the rest of 
the winter was unusually warm and wet and was followed by a cool, wet spring (NCDC 
1994, 1995). Additionally, the increased volume of the lake after heavy precipitation 
allowed the north shore to adjoin several freshwater springs. The relatively high 
precipitation and the freshwater contribution of the local springs presumably -allowed
recharge and evaporation to remain relatively well-balanced in the lake during this study.
21
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The level o f the lake did not seem to decrease greatly during the summer and the salinity 
remained fairly stable. Figure 3 shows the measurements of the physical characteristics of 
Little Fish Lake from March 1995 to March 1996. In December 1995, the lake was 
covered by relatively thin ice (5 cm), so I sampled from a hole I made in the ice close to 
the shore (< 0.5 m offshore). The ice was strong enough to walk on in January 1996 (ca. 
30 cm thick), so I broke a hole in the ice about 5 m oft* the northeast shore. Inclement 
weather and very poor road conditions prevented travel to Little Fish Lake in February 
1996, but by March 1996 the lake was ice-free.
Zooplankton enumeration
Figure 4 shows the relative abundances of zooplankton taxa in Little Fish Lake from 
March 1995 through March 1996. A more detailed description of the temporal 
distribution of the rotifer populations is shown in Figure 5. The rotifers H. jenkinae and 
B. plicatilis (large) dominated the zooplankton community in March and April 1995, but 
were quickly replaced by crustaceans in May 1995 when copepod and cladoceran 
populations increased. The copepod Leptodiaptomus sicilis was consistently present in 
the zooplankton throughout the study period, as were rotifers, but cladocerans appeared 
in large numbers only in the summer months. During this period of cladoceran dominance, 
the rotifers were generally scarce.
Rotifers dominated the community again rather suddenly in September 1995 when 
copepod and cladoceran populations were essentially absent and the rotifer Filinia
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
24
25 -1£
I 20 -15 -
Ë.
E 10 -  P.
5 -
16 — 
14 -  
12 -  
10 -  
8 -  
6 —  
4 -
I
O
'g  4500 -  
4000 -
3000 -O
-o 2500 -  
o
U  2000 -
10.5 -
10.0 -
K 9.5 -
CL
9.0 -
8.5 -
8.0
MAPIAPRMAYJUN JUL AUG SEP OCTNOVDEC JAN FEB MAR
Figure 3. Little Fish Lake physical characteristics from March 1995 through March 1996. 
* Indicates ice cover, ? No data available for February 1996, X Oxygen meter not 
functioning.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1.0
0.8
ffi
§ 0.6
0
1  0-4
3
0.2
0.0
Copepods in Little Fish Lake
I I Copepod nauplii
Leptodiaptomus sicilis 
Cyclops vemalis
T
J
25
MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR
1.0
0.8
C/)
§ 0.6 •o
>
0.4
3
0.2
0.0
1.0 -  
^  0.8  -  
I 0.6
V
-a 0.4 —CQ 
O
Pi 0.2
0.0
Cladocerans in Little Fish Lake
T X L U
I I Moina hutchinsonii 
# 0 0  Daphniapulex 
Alonagutatta
MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 
Total rotifers in Little Fish Lake
1 I I I 1 ' ' I ‘ ■ I I r 
MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR
Figure 4. Relative abundances of Little Fish Lake zooplankton from March 1995 
through March 1996 (* No data available).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
26
1.00 
0.75 
0.50 
0.25 
0.00 
0.75 
0.50 
0.25
0.00 
1.00 
0.75 
0.50 
0.25 
0.00 
0.75 
0.50 
0.25 
0.00 
0.04 
0.03 
0.02 
0.01 
0.00 
0.0075
g  0.0025 
0.0000 
0.0075 
0.0050 
0.0025 
0.0000
0.04
0.03
0.02
0.01
0.00
0.08
0.06
0.04
0.02
0.00
0.08
0.06
0.04
0.02
0.00
en
gT3
>
Hexarthra jenkinae
T I I I I '  'T ^  i I I I I i l I
Brachionus plicatilis (large)
1— I----1 r
Filinia terminalis
1  I I I I 1 1 1 1  
Brachionus pterodinoides
I T
I l I 
I I Saccate 
Cruciform 
Campanulate
T T T T
XL.
IL
1 r
Brachiomis satanicus
xm
Asplanchna silvestrii 
&  *
r i I I r
I I Short-spined
Intermediate spines 
Long-spined *
1 I T I I I r
Brachionus quadridentatus
T
I Z L
Lecane limaris
1— I— I—  1 I 1 — I— r  
Keratella quadrata
1 I r
1------1------1------1------1 r
Polyarthra remata
1 r r — I
I I I I I 1  r  I 1 I I I 1 I 
MARAPRMAYJUN JUL AUG SEP OCTNOVDEC JAN FEB MAR
Figure 5. Relative abundances of Little Fish Lake rotifer species from 
March 1995 through March 1996 (* No data available).
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terminalis appeared in large numbers (98% total zooplankton). By October 1995, the 
F. terminalis population declined and the zooplankton community was again composed 
somewhat evenly ofZ. sicilis and various rotifer species.
The rotifer Brachiomis pterodinoides was a ubiquitous member of the community 
throughout the year. Present in the warm summer months, it was the only rotifer that 
existed under the ice cover of December and January 1995.
In October and November 1995, A. silvestrii reached its peak abundance in Little Fish 
Lake. The abundance of Asplanchna was very low when all three morphotypes were 
present July 1995. The small number of Asplanchna in July corresponds to an overall 
scarcity of rotifers and copepods while cladocerans were dominant. Only saccates were 
present in August and September 1995, but in October 1995 cruciforms were dominant 
and by November 1995 campanulates were almost as abundant as cruciforms.
Brachiomis satanicus morphotypes seemed to show different temporal distributions, 
although a pattern is not clear, possibly due to its very low numbers and sporadic 
appearance. While there was variability in spine length and shape in April and May 1995,1 
never saw the long-spined morphotypes (shown in Figure 1) in live or preserved tows until 
September and October 1995.
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Brachionus quadridentatus and Lecane lunaris were occasional occupants of Little Fish 
Lake in small numbers. Keratella quadrata and Polyarthra remata were not frequently 
present, but were sometimes a relatively large component of the rotifer community.
Table 1 shows the estimated absolute densities (individuals per liter) of all the zooplankton 
species. The fluctuation in total absolute density of zooplankton was greater than two 
orders of magnitude from the high in September 1995 to the low of December 1995 and 
January 1996 when the lake was covered with ice. During this period, only L. sicilis and 
B. pterodinoides were present in small numbers.
Non-planktonic species
Other invertebrates in the lake included the osiracod Limnocythere sapaensis, a 
chironomid, a corixid, and an odonate. I have excluded counts of these invertebrates since 
their distributions seemed to be strongly spatially heterogeneous and they were not found 
consistently in the plankton. I encountered L. sapaensis most frequently when a plankton 
tow was close to the bottom. I noted its presence in April 1995, August 1995, October 
1995, November 1995, and March 1996. The insects were densest among the vegetation 
but still patchy. I noted isolated corixids from June through September 1995. 
Chironomids were present from June tlirough August 1995. Odonates were present from 
August through September 1995.
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Copepods
Nauplii 4.33 8.34 50.8 0.69 2.38 2.46 2.91 47.7 18.2 0.08 2.12 * 9.24
Leptodiaptomus sicilis 8.53 6.39 57.2 28.3 1.18 10.1 3.57 9.58 21.8 0.59 0 * 1.21
Cyclops vernal is 0 0 0.1 1.87 0.13 0.47 0.22 0.25 0.29 0 0 * 0
Cladocerans
Moina hutchinsonii 0.06 0 4.91 6.09 15.8 0 0 0 0 0 0 * 0
Daphnia pulex 0 0 0 0.59 3.48 0.02 0 0 0 0 0 * 0
Alonagutatta 0 0 0.25 17 1.27 14.1 5.16 0.37 0.26 0 0 * 0.2
Rotifers
Hexarthra jenkinae 97.3 29 0.05 0 3.72 0.37 0.07 0 0 0 0 * 0.03
Brachionus plicatilis (large) 20.6 30.2 5.06 0 0 0 0 0 0 0 0 * 0
Brachionus pterodinoides 0.17 0.12 3.78 4.27 0.64 0.37 3.32 10.7 7.88 1.49 0.27 * 6.32
Brachionus sataniats 0 0.18 1.28 0 0 0 0.11 0.12 0 0 0 * 0
Asplanchna silvestrii 0 0 0 0 0.21 0.17 0.52 5.1 1.61 0 0 * 0
Filinia longiseta 0 0 0 0 0 3.93 1053 25.8 5.51 0 0 * 0
Brachionus quadridentatus 0 0 0 0 0 0.15 1.69 0.49 0 0 0 * 0
Lecane lunaris 0 0 0 0.1 0.07 1.3 0.11 0.05 0.33 0 0 * 0
Keratella quadrata 0 0 0 0 0 0 0.41 2.51 0.66 0 0 * 1.41
Polyarthra remata 0 0 0 0 0 0.05 5.49 6.63 0 0 0 * 0
Total zooplankton 131 74.3 124 59 28.9 33.5 1077 109 56.5 2.16 2.39 * 18,4
"D
CD
(/)(/)
Table 1. Estimated densities (individuals per liter) of zooplankton species in Little Fish Lake from 
March 1995 through March 1996. Absolute densities were calculated by estimating the length of 
the plankton tows, and thus the area from which animals were collected and counted.
(* No data available)
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Aquatic vertebrates
I observed Tui chubs (G//a bicolor) near the shore of the lake from June through 
September 1995. Local ranchers say that these fish are normally not present in the lake, 
and I did not observe them in my previous visit, so it may be that they entered the lake 
after it was connected to the local springs. These fish are readily seen in the springs of 
Little Fish Lake Valley. Tadpoles of the Red-Spotted Toad {Bufo punctatus) were 
abundant among the macrophytes in June 1995. The tadpoles were almost completely 
absent by July, but adults were common on the shore and occasionally found in the water 
in July and August 1995.
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Predation experiments
The number o f predation experiments completed was dictated by the availability o f p r ^  
(Table 2). I conducted experiments only when prey cultures appeared to be active and 
reproducing. As previously mentioned, H. jenkinae and B. satanicus were difiScult to 
maintain in culture and often did not meet these standards, so the number of replications is 
comparatively low. Because I did not keep copepod nauplii in culture, nauplii experiments 
were limited to times when they were readily available in lake water samples.
In the following text, references to significant findings in the two-way ANOVA (with 
subsequent pairwise comparisons of the Tukey test) and the Kmskall-Wallis Ranks test 
(with subsequent pairwise comparisons of the Dunn’s test) indicate p-values that are less 
than 0.05.
Encounters per mimte
Encounter rates for each Asplanchna morphotype and prey type are presented in Figure 6. 
The rate of encounter between predator and prey was significantly affected by predator 
morphotype and prey type (Table 3). Overall, campanulate A. silvestrii encountered prey 
more frequently than the smaller morphotypes. In the pairwise comparisons of the Tukey 
test executed after the two-way ANOVA, campanulates had significantly higher encounter 
rates than the saccates, but there were no significant differences between campanulates 
and cruciforms or between saccates and cruciforms. In the usually more conservative 
pairwise comparisons of the Kruskal-Wallis one-way ANOVA on Ranks, the 
campanulates had significantly higher encounter rates than saccates, but the cruciforms
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Prey type Campanulate
Asplanchna morph 
Cruciform Saccate
B. plicatilis-large 16 13 10
B. plicatilis-svaaSi 14 8 14
B. pterodinoides 9 9 8
B. satanicus 2 2 5
H. jenkinae 6 4 6
Copepod nauplii 8 8 5
Table 2. Number of predation experiments completed with each predator morphotype and 
prey type.
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Figure 6. Mean encounter rates of the three morphotypes of A. silvestrii, listed 
in increasing order of size, with six different prey types. Error bars are standard 
deviation.
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Source of Variation DF SS MS F P
Predator morphotype 2 0.834 0.417 5.697 0.004
Prey Species 5 2.074 0.415 5.667 <0.001
Predator x Prey 10 0.863 0.0863 1.179 0.311
Residual 124 9.077 0.0732
Total 141 13.557 0.0962
Table 3. Results o f a two-way Analysis of Variance on encounters per minute, casting 
predator morphotype against prey type.
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also had significantly higher encounter rates than saccates. Interactions between predator 
morphotype and p r ^  type did not significantly affect the encounter rate in the two-way 
ANOVA. This likely reflects the independence of predator and prey swimming behavior 
in the simple three-dimensional space of the experimental vessels.
All potential prey had similar rates of encounter, except for the copepod nauplii. The 
nauplii were significantly more likely than most other prey to be encountered by 
Asplanchna (Tukey test and Dunn’s test). The only rotifer that did not have a 
significantly different encounter rate than the nauplii was Hexarthra jenkinae. However, 
the encounter rate o f H. jenkinae was not significantly higher than the other rotifers.
Attack after encounter
The proportion of encounters that were followed by attack for each predator morphotype 
and prey type are shown in Figure 7. The probability of attack after encounter was 
significantly affected by the morphotype of the predator, the prey type, and their 
interactions (Table 4). Overall, saccates and cruciforms had similar probabilities of 
attacking prey after encounter, both of which were significantly greater than that of 
campanulates (Tukey test and Dunn’s test). However, as previously mentioned, not all 
prey elicit this order of attack by the predator morphotypes. Significant variation in the 
interactions between predator morphotypes and prey types is apparent in Figure 7. Unlike 
encounters, attack after encounter involved specific predator morphotype and prey type 
behaviors. This variation is most apparent in the ordering of Asplanchna morphotypes in 
attack on all Brachionus prey compared to H. jenkinae and copepod nauplii.
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Source of Variation DF SS MS F P
Predator morphotype 2 7.034 3.517 46.02 <0.001
Prey Species 5 3.886 .777 10.17 <0.001
Predator x Prey 10 5.164 .516 6.757 <0.001
Residual 124 9.476 0.076
Total 141 29.726 0.211
Table 4. Results o f a two-way Analysis of Variance on attacks per encounter, casting 
predator morphotype against prey type.
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Campanulate attack seemed slightly higher with nauplii while cruciform and saccate attack 
was lower with nauplii, and all predator morphotypes had similar attack frequency with H. 
jenkinae.
Among the prey types, the results of the pairwise comparisons of the Kruskal-Wallis 
Ranks test were not indicative of significant variation in attack by any Asplanchna 
morphotype. Both the normality test and the equal variance test failed in the two-way 
ANOVA, but the results of the Tukey test seem to correspond to the visual patterns of 
Figure 7. The overall probability of being attacked after encounter was significantly 
higher for the large morphotype of B. plicatilis than for all prey except B. pterodinoides. 
B. pterodinoides was attacked significantly more frequently than B. satanicus and H. 
jenkinae.
However, as previously mentioned, the predator morphotypes did show variation in attack 
with different prey. Campanulates appeared to attack copepod nauplii more frequently 
than the other prey types, but campanulate attack on nauplii was only significantly higher 
than B. pterodinoides and the small morph oîB. plicatilis. There was no other significant 
variation in campanulate attack.
The cruciform attack probability appeared to be highest with the large morph of B. 
plicatilis and B. pterodinoides. Cruciforms were significantly more likely to attack the 
large morph of B. plicatilis than all other prey except B. pterodinoides. Cruciforms also
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had a significantly higher probability of attacking B. pterodinoides than nauplii. The 
saccate attack probability was also highest with the large B. plicatilis and B. 
pterodinoides, but there was no significant difference between the large and small morphs 
of B. plicatilis as there was for the cruciforms. B. pterodinoides was significantly more 
frequently attacked by saccates than all other prey except the large B. plicatilis. The large 
B. plicatilis was significantly more likely to be attacked by saccates than all prey except B. 
pterodinoides and the small B. plicatilis.
Ingestion after attack
The probabilities of ingestion of each prey type after attack by the A. silvestrii 
morphotypes are presented in Figure 8. There was no significant difference in probability 
of ingestion after attack among predator morphotypes (two-way ANOVA and Kruskall- 
Wallis Ranks test). However, the probability of ingestion was significantly affected by 
prey type (two-way ANOVA and Kruskall-Wallis Ranks test) and interactions between 
predator morphotype and prey type (Table 5).
Even though the predator morphotypes did not vary significantly overall in the proportion 
of attacks that were followed by ingestion, predator morphotypes did show significant 
variation in their interactions with the prey types. Again, the significant effect of predator- 
prey interactions likely reflects the involvement of specific predator-prey behavior in this 
element of the predation process. Saccates ingested slightly fewer large B. plicatilis than 
cruciforms, unlike small B. plicatilis and B. pterodinoides, and saccates were entirely 
unable to ingest nauplii. Cruciforms had higher ingestion rates than campanulates with all
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Figure 8. Mean proportion of attacks by the three morphotypes of A. silvestrii, listed 
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Error bars are standard deviation.
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Source of Variation DF SS MS F P
Predator morphotype 2 0.0348 0.0174 0.106 0.9
Prey Species 5 23.757 4.751 28.925 <0.001
Predator x Prey 10 3.53 0.353 2.149 0.025
Residual 124 21.191 0.164
Total 141 48.048 0.329
Table 5. Results of a two-way Analysis of Variance on ingestion per attack. casting
predator morphotype against prey type.
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prey except H. jenkime and nauplii. The ingestion rates were similar for all predator 
morphotypes with H. jenkijiae, and campanulates had the highest ingestion rates with 
nauplii.
In general, Brachioms species were significantly more fi'equently ingested than the 
evasive prey types, H. Jenkinae and the copepod nauplii (two-way ANOVA and Kruskall- 
Wallis Ranks test), a distinction that is evident in Figure 8. According to the pairwise 
comparisons of the two-way ANOVA the small morph of B. plicatilis was significantly 
more fi'equently ingested after attack than all prey except B. pterodinoides. (However, the 
probability o f ingestion of the two morphs of B. plicatilis was not significantly different in 
the Kruskall-Wallis Ranks test).
Ingestions per minute
Ingestion rates for each predator morphotype and prey type are shown in Figure 9. The 
rate at which prey were ingested was significantly affected by the morphotype of the 
predator, the type of prey present, and the interactions of these factors (Table 6). While 
saccates and cruciforms performed similarly, the campanulate ingestion rate was 
significantly lower than that of the smaller morphotypes overall (two-way ANOVA and 
Kruskall-Wallis Ranks test). However, the significant difference in predator-prey 
interactions is again apparent in the reversal of this general trend with copepod nauplii and 
the relatively similar rates of ingestion oîH. jenkinae by the predator morphotypes. While
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Figure 9. Mean ingestion rates of the three morphotypes of A. silvestrii, listed in 
increasing order of size, with six different prey types. Error bars are standard 
deviation.
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Source of Variation DF SS MS F P
Predator morphotype 2 11.193 5.597 10.485 <0.001
Prey Species 5 28 5.6 10.491 <0.001
Predator x Prey 10 20.163 2.016 3.77 <0.001
Residual 124 66.189 0.534
Total 141 139.252 0.988
Table 6. Results of a two-way Analysis of Variance on ingestions per minute, casting 
predator morphotype against prey type.
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campanulate ingestion rates did not appear to change with nauplii and H. jenkime, the 
cruciform and saccate ingestion rates were much lower with these prQr.
Overall, H. jenkinae was less frequently ingested than all prey except nauplii and B. 
satanicus. Figure 9 graphically demonstrates the variability among morphotypes that may 
be responsible for the inability of either test to find distinctions among the prey in their 
vulnerability to predation by A. silvestrii.
Although the data failed the equal variance assumptions of the two-way ANOVA the 
results of the subsequent pairwise comparisons lend some insight into the différences 
among predator morphotypes. The campanulate ingestion rate was similar with all prey 
types. The cruciforms, however, had more success wiih the two morphs of B. plicatilis 
and B. pterodinoides than with the copepod nauplii or H. jenkime. Saccates were similar 
to cruciforms overall, except for their inability to ingest copepod nauplii.
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Field data
The temporal succession of zooplankton in Little Fish Lake was accompanied by changes 
in the lake’s physical and chemical conditions. The parameters I measured are generally 
thought to be important abiotic effectors of plankton community structure (reviewed by 
Hofinann 1977). Temperature and oxygen usually are usually the main abiotic factors that 
establish the physiological boundaries of an environment for plankton, but pH and salinity 
are also sometimes strong influences on community structure, although less understood 
(Hofmann 1977, Galat and Robinson 1983, Berzins and Pejler 1987).
Overall, and relative to my previous observations of Little Fish Lake, the diversity of the 
zooplankton community in Little Fish Lake during this study was high. This result may be 
due to comparatively low salinity. Other researchers have recognized that species 
diversity generally seems to decrease with increasing salinity (Moore 1952, Edmondson 
1966 & 1991, Cole 1974, Galat and Robinson 1983, Geddes et al. 1981, Williams 1981 & 
1985, Smith 1993, Green 1993). This globally recognized phenomenon may be indicative 
of general physiological limitations imposed by high salinity, or it could be due to the 
relative scarcity of saline inland habitats in which diversification might take place. The 
data collected in this study do not allow for a thorough exploration of this issue, since the
46
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salinity remained relatively stable from March 1995 to March 1996, but observations of 
Little Fish Lake made during dry periods do suggest an inverse relationship between 
species diversity and salinity. My October 1994 collection, when the salinity was the 
highest I noted (9700 |xS cm*‘), consisted of only two zooplankton species and an earlier 
visit to Little Fish Lake during a long period of drought (July 1993) yielded only three 
rotifer species: A. silvestrii, B. satanicus, and B. plicatilis (large) (P.L. Starkweather 
personal communication).
Even at the highest conductivity I measured, the salinity was only approximately 20% that 
of seawater (ca. 7 7oo), not very saline relative to other lakes of the Great Basin 
(Edmondson 1966). However, the biota of Little Fish Lake (Table 1) bears a striking 
resemblance to that of other more saline, alkaline lakes. Rousselet's survey of Devil's Lake 
in North Dakota (1913) reports the presence of Hexarthra fennica, A. silvestrii, B. 
plicatilis, B. satanicus, B. pterodinoides, and B. spatiosus. Rousselet called Devil's Lake 
"brackish.". Other records of this time period (1910-1918) report the salinity to have been 
between 10 7% and 13 7oo (Fritz 1990). It is not clear whether the salinity of Devil's Lake 
is subject to a great deal of fine-scale temporal variation as it is in Little Fish Lake. In 
1966, Edmondson reported a similar array of zooplankton in Soap Lake and Lake Lenore 
in Washington. The salinities of these lakes in 1946 were 39.4 7» and 18.8 7oo 
respectively, but both were later severely diluted by runoff from the surrounding irrigated 
land and consequent removal of the lake water to prevent flooding. Before dilution, the 
zooplankton community of Soap Lake consisted only of Moina hutchinsonii, Hexarthra
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fennica, and Brachiomts plicatilis', the biota of the less saline Lake Lenore included those 
as well as L. sicilis and Diaptomus nevadensis. After dilution, the communities of both 
lakes diversified. L. sicilis became established in Soap Lake, A. silvestrii appeared in both 
lakes, and Daphnia similis, B. satanicus, and B. pterodinoides became common in Lake 
Lenore. My observation of increased species diversity after the dilution of Little Fish 
Lake corresponds to Edmondson’s study of the dilution of these two Washington lakes. In 
addition, the similarity of species lists fi’om Devil’s Lake, Soap Lake, and Lake Lenore 
supports Edmondson’s suggestion (1991) that a combination of alkalinity and moderate to 
high salinity may produce a somewhat predictable assemblage of unique zooplankton.
The fluctuations in the dissolved oxygen content of Little Fish Lake were likely related to 
changes in the lake water temperature. The solubility of oxygen is inversely related to 
water temperature (Benson and Krause 1980). Dissolved oxygen content during the study 
period appeared to generally correspond to the temperature of the lake. The pH of the 
lake remained relatively stable during the study period.
Zooplankton enumeration
Copepods and rotifers were ubiquitous during the study period. L. sicilis was the 
dominant copepod throughout the year, whereas the rotifer species present at any given
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time exhibited rapid temporal succession. Cladocerans comprised a relatively large part of 
the zooplankton community only in the summer months. Some of the zooplankton 
population fluctuations in Little Fish Lake appear to correspond to changes in the abiotic 
factors that I measured, while others may be the result of more complex abiotic and biotic 
interactions.
Copepods
Based on previous observations of Little Fish Lake, it would seem that copepods, and 
crustaceans in general, appeared in Little Fish Lake as a result of the low salinity. 
However, L. sicilis and C. vemalis have been reported in lakes of higher salinity 
(Edmondson 1966, Galat and Robinson 1983). Even the highest salinity I measured at 
Little Fish Lake in October 1994 (ca. 7 7oo) was within the tolerance range that Galat and 
Robinson (1983) reported for both copepods. Galat and Robinson’s (1983) chronic 
bioassay results indicated an upper limit of 9.6 7oo for L. sicilis, and 8.5 7oo for C. vemalis 
isolated from Pyramid Lake, Nevada. Other biotic and abiotic factors may have been 
responsible for the absence of copepods in previous observations of Little Fish Lake.
I counted copepod nauplii separately from adults mainly because I could not reliably 
identify the nauplii to species, although I infer that they were mostly the nauplii of L. 
sicilis as it was by far the most abundant copepod. The L  sicilis and C. vemalis species 
counts did include non-reproductive juvenile stages (copepodids), since the copepodid
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
so
stages were as easily identified to species as the adults. Assuming that most of the nauplii 
were those of L. sicilis, I will discuss the population dynamics of this copepod in terms of 
demographics. It seems that the zooplankton collection was fi-equent enough to track 
growth trends in this manner. Months in which nauplii were abundant are followed by 
months in which adults are abundant, and months in which nauplii were very scarce are 
followed by months in which the species is almost entirely absent (Figure 4).
L  sicilis was relatively scarce in March and April 1995, but then experienced a distinct 
population increase between April and May 1995, coinciding with the sharpest increase in 
temperature during this study (Figure 3). Assuming that most nauplii were L. sicilis, this 
copepod comprised about 85% of the zooplankton community in May 1995. This period 
of growth seemed to end after May 1995; although the adult and copepodid population 
remained high, there were almost no nauplii present in June 1995. Several explanations 
are possible for the absence of nauplii while the adult and copepodid population was high. 
The population of any month that was preceded by large nauplii populations may have 
been composed mainly of copepodids, which were not yet reproductive. Predation and 
competition for resources may have also reduced growth of the L. sicilis populations. In 
June 1995, there was a small population of Cyclops vemalis, a predatory copepod that is 
known to consume the nauplii of Diaptomus species (Dodson 1975). Moderate predation 
pressure could have coincided with competition for resources. June was the first month in 
which all three cladoceran species co-occurred and were a large component of the 
community (33%). Galat et al. (1981) invoke a similar explanation of declining late spring
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populations of Lsicilis in Pyramid Lake, Nevada, as populations of C. vemalis and the 
cladoceran Ceriodaphnia quadrangula grow with increasing temperatures. The Little 
Fish Lake L. sicilis population declined dramatically by July 1995, at which time the 
cladoceran community, particularly M. hutchinsonii, reached its peak. After a period of 
scarcity of crustaceans (September 1995), the L. sicilis population increased and remained 
present in relatively high abundance. The sudden appearance of nauplii in October 1995 
may indicate a mass emergence ft'om diapause, while smaller numbers of nauplii emerged 
firom diapause intermittently throughout the year.
Ice cover coincided with a dramatic change in the zooplankton community in December 
1995 and January 1996. Density of zooplankton was very low, less than 3 animals liter \  
and only 2 species were present, L. sicilis and the rotifer B. pterodinoides. After the 
recession of the ice, the community of March 1996 was still dominated by L. sicilis and B. 
pterodinoides, but in greater numbers.
Cladocerans
Moina hutchinsonii appeared in May 1995, anticipating the general increase of 
cladocerans during the summer months (Figure 4). The appearance of M. hutchinsonii 
coincides with a rapid increase in temperature between April 1995 and May 1995 (Figure 
3), perhaps reflecting this species' preference for warmer temperatures (Galat et al. 1981).
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The large cladoceran Daphnia pulex was present in large numbers only in July 1995, when 
cladocerans dominated the zooplankton community (ca. 70%). By August 1995, A. 
gutatta was the only remaining cladoceran. A. gutatta at this time comprised 40% of the 
total zooplankton community, but after August 1995, this cladoceran was only a small 
component. The 4-month period in which cladocerans were abundant corresponds to 
summer temperatures between 18°C and 20°C (Figure 3).
A/, hutchinsonii is also known to occur in lakes of higher salinity than Little Fish Lake 
(Edmondson 1966, Hutchinson 1937), although it was not present in Little Fish Lake 
during the previous visits. Galat and Robinson (1983) found that M. hutchinsonii isolated 
ft'om Pyramid Lake, Nevada could tolerate salinities that were threefold higher than the 
highest salinity I measured in Little Fish Lake. Other abiotic or biotic factors may have 
been responsible for its absence during previous visits to Little Fish Lake.
Rotifers
The seasonal succession of rotifers demonstrated in Figure 5 was likely influenced by a 
wide variety of abiotic factors, such as temperature and oxygen availability, and biotic 
factors, such as phytoplankton availability, interspecific competition, and predation 
(Hutchinson 1967). Although I monitored abiotic factors that are normally thought to 
affect zooplankton community structure (Hofinann 1977), the data collection did not 
include all of the abiotic and biotic factors that could potentially drive zooplankton
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succession. For this reason, I am unable to address the population fluctuations of some of 
the species that were present sporadically and in small numbers: Brachiomts 
quadridentatus, Lecane lunaris, Keratella quadrata, and Polyarthra remata. However, 
some patterns in the rotifer population dynamics do seem discernible. From May 1995 
through August 1995, rotifers occurred only in small numbers. A comparison of the 
cladoceran and rotifer dynamics in Figure 4 strongly suggests an inverse relationship of 
cladocerans and rotifers. As noted in the Introduction, cladocerans are generally known 
to subject rotifers to exploitative and interference competition (Gilbert 1988a, 1988b, 
Maclsaac and Gilbert 1991, Wckham and Gilbert 1991, Fradkin 1995), competing for 
shared resources more efficiently and physically damaging rotifers while feeding.
Hexarthra jenkinae and Brachionus plicatilis—la. March and April 1995, the zooplankton 
community consisted mostly of these two rotifers (Figure 5). After their initial dominance 
in the lake in these months, H. jenkime and B. plicatilis reappeared only sporadically and 
in relatively small numbers. Their decline coincided with the appearance of the 
cladocerans, suggesting suppression by exploitative or interference competition.
Filinia terminalis—TaQ ability of the rotifer Filinia termimlis to thrive under low oxygen 
conditions (Ruttner-Kolisko 1980) may have contributed to its nearly complete dominance 
of the zooplankton community of September 1995 when crustaceans were almost absent 
and the oxygen content was comparatively low. Relatively little is known of the biology
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of Filinia, partially because it is difficult to rear in the laboratory (Ruttner-Kolisko 1980, 
Sanoamuang 1993). Sanoamuang (1993) was able to culture F. terminalis on the green 
alga Oocystis. Ruttner-Kolisko (1980) performed very limited experiments that suggested 
that F. terminalis could be cultured on decaying phytoplankton and bacteria. These food 
particles would frequently be associated with waters of low oxygen content where F. 
terminalis is often found. The temperature in September 1995 (16“C) was slightly in 
excess of the thermal tolerance that Ruttner-Kolisko (1980) described for F. terminalis. 
This difference in thermal tolerance may reflect genetic variation among Filinia 
populations, since Ruttner-Kolisko’s suggested thermal range was based on her 
observations o f F. terminalis in English and Austrian lakes. The dominance of F. 
terminalis in Little Fish Lake was short-lived; by October 1995, absolute density had 
fallen from 1053 animals liter ‘ to 25.8 animals litef\ Since F. terminalis usually thrives 
in low temperatures, and it seems to be able to survive a wide range of dissolved oxygen 
content (Ruttner-Kolisko 1980, Sanoamuang 1993), biotic interactions are probably 
responsible for the October 1995 decline. Perhaps competition for resources from a more 
diverse rotifer community and the reestablished copepods combined with predation from 
A. silvestrii to lower the numbers of F. terminalis. I noted the conspicuous remains of 
Filinia in the guts of A. silvestrii in both preserved and live samples. My observations of 
A. silvestrii eating F. terminalis correspond to Sarma's (1993) experimental and field 
evidence that Asplanchm  can utilize Filinia as a food source, despite their long lateral and 
caudal setae and quick escape response.
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Asplanchm silvestrii—Ocxohet and November 1995 were probably the only months when 
A. silvestrii exerted appreciable predation pressure on the zooplankton community during 
this study period. In these months, A. silvestrii comprised 3-4% of the total zooplankton 
community (13% of the total rotifers in October, 20% of the total rotifers in November).
The populations of Brachionus satanicus (long-spined), Brachionus quadridentatus, and 
Lecane lunaris were all probably too small in October and November 1995 (Table 1) to 
create much of a resource for the large morphotypes of Asplanchm.. While I was not 
able to experiment with long-spined morphs of B. satanicus, I suspect that longer spines 
would confer enhanced protection upon this prey species as they do in other rotifer prey 
species (Gilbert 1980b). I know of no experiments that assess the vulnerability of B. 
quadridentatus to Asplanchm predation. Sarma (1993) found that Asplanchm girodi 
could ingest Lecane Immris, but it was not present in the guts of A. girodi that he 
collected in the field. It seems unlikely that these species were a major food source for A. 
silvestrii in October and November 1995.
Most of the Keratella quadrata I encountered had one potentially protective posterior 
spine. Although the spines that some Keratella species elaborate in the presence of 
AsplatKhm generally reduce susceptibility to predation (Gilbert and Stemberger 1984, 
Gilbert and Kirk 1988, Conde-Porcuna et al. 1993), even long-spined Keratella have been 
found to be a major food source for Asplanchna (Conde-Porcuna and Sarma 1995).
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However, K. quadrata only comprised 2% and 1% of the zooplankton community in 
October and November 1995 respectively.
Despite its abundance relative to Asplanchm  in October 1995, Polyarthra remata 
probably did not comprise a large part o f the diet of A. silvestrii. Polyarthra has an 
escape response that has repeatedly been shown to be extremely effective in avoiding 
capture by Asplanchm species (Gilbert and Williamson 1978, Commins and Salt 1988, 
Conde-Porcuna and Sarma 1995).
Copepod nauplii were present in very large numbers in October and November 1995 when 
the large morphotypes of Asplanchm were present. These nauplii, B. pterodinoides, and 
F. longiseta could have been an abundant food source for A. silvestrii. The ability of the 
A. silvestrii morphotypes to utilize nauplii and B. pterodinoides is discussed in detail later.
Brachioms scr/aw/c«j—Long-spined B. sataniais were abundant during a period of high 
salinity in July 1993 (P.L. Starkweather personal communication) in Little Fish Lake. 
However, B. satanicus never represented much more than 1% of the total zooplankton 
community during this study. It is interesting to note that in April and May 1995 no long- 
spined B. satanicus were present, and in October 1995 no short-spined B. satanicus were 
present. This observed temporal distribution could have been sample error since the 
number of individuals present in samples was very low, but it does correspond to previous
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observations. Rousselet (1913) found long-spined forms in July 1910 and short-spined 
forms in May 1912 when the lakes of North Dakota were still quite cold. He hypothesized 
that the polymorphism was influenced by seasonal abiotic factors. While this explanation 
could be possible, several Brachionus species develop protective spinadon in the presence 
of Asplanchna (reviewed by Gilbert 1980b). Although Rousselet (1913) reported the 
presence of A  silvestrii with B. satanicus, he did not provide information on the seasonal 
distribution of A. silvestrii. The phenomenon of phenotypic plasticity induced by 
Asplanchna presence was still unknown in 1913. The difficulty of culturing B. satanicus 
prevented me from carrying out experiments that would test the hypothesis that the long- 
spined form of B. satatncus is induced by Asplanchna. The distribution of B. satanicus 
shown in Figure 5 could support either hypothesis.
Brachioms pterodinoides—Tho ecology of B. pterodinoides has never been described. 
The first account of this species by Rousselet (1913) was only a morphological report and 
the species has rarely been mentioned in the literature since then. This study presented me 
the opportunity to make some preliminary comments on the ecology of this rotifer. 
Although B. pterodinoides appears to be mostly free-swimming, I have also frequently 
found individuals attached to plant detritus in water samples which suggests at least a 
partly periphytic existence. Individuals tend to settle to the bottom of petri dishes where 
they continue to feed and are difficult to dislodge. Since I did not attempt to quantify the 
phytoplankton of Little Fish Lake, I can not make assertions about the natural diet of B. 
pterodinoides. In addition to the Chlorella mimtissima I fed it in culture, I found that it
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persisted reliably for months in old bacteria-ridden water sample bottles incubated at 19°C 
and 12“C. Sometimes present in numbers too small to appear on the graph in Figure 5, B. 
pterodinoides persisted as reliably in the field as it did in the lab; B. pterodinoides was 
present in every sample between March 1995 and March 1996 (Table 1).
Aquatic vertebrates
The Tui chubs present in the lake from June 1995 through September 1995 likely fed on 
Little Fish Lake zooplankton, but I am unable to discern any effect o f their predation. 
Galat et al. (1981) examined Tui chub predation in Pyramid Lake, which harbors a 
zooplankton assemblage similar to that of Little Fish Lake. These researchers found that 
the food preferences of the Tui chub were very complex, varying with depth, substrate, 
and season. In general, they found that M. hutchinsonii was preferred over other 
crustaceans, and that L. sicilis was avoided. My data did not match these expectations, 
showing the dominance of M. hutchinsonii and a decline in L  sicilis in July, the month 
after I first observed Tui chubs in the lake. The fish may have been mainly using a 
resource that I did not enumerate. Galat et al. (1981) found that, depending upon a 
number of factors, Tui chubs may preferentially utilize ostracods and filamentous algae to 
varying degrees. Without data on fish densities in Little Fish Lake throughout the study 
period, analysis of the impact of Tui chub presence on the zooplankton community is 
difficult. Red-Spotted Toad tadpoles have mouthparts specialized for herbivory and so
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were probably not a predator on the zooplankton community (R. Winokur personal 
communication).
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Predation experiments
I have analyzed the results of the predation experiments by dissecting the predation 
process into the following elements: encounters per minute, attack after encounter,
ingestion after attack, and ingestions per minute. Predators and prey may have developed 
morphologies and behaviors that maximize (for the predator) or minimize (for the prey) 
probability of encounter, attack, and ingestion. By examining these functional elements, 
predator “strategies” and prey defenses may be discerned. Ingestions per minute 
represents the overall success for the predator in terms of how frequently it ingests prey, 
or overall vulnerability of the prey in terms of how frequently it is eaten. I will separately 
address each component of the predation process for the predator morphotypes and prey 
types, and then discuss the predator-prey interactions.
Predator morphotype
Encounters per minute
Both larger morphotypes of i4. silvestrii had a higher probability of encountering prey than 
saccates. Encounter rates are influenced by the swimming speeds of the predator and 
prey, density of prey, and encounter radius (Gerritsen and Strickler 1977, Gerritsen 1980). 
Although the swimming speed of campanulates is slower than saccates relative to body 
size, the absolute speed at which they swim is slightly higher than saccates (Gilbert
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1985a). The encounter radius — the corona in Asplanchna — increases with increasing 
size of the predator, and is particularly exaggerated in campanulates (shown in Figure 1). 
Gerritsen and Strickletis model of encounter probabilities (1977) found that increasing the 
encounter radius of a predator had the greatest effect on increasing encounter probability. 
Given differences in swimming speed and corona size, Gilbert (1985a) calculated that A. 
silvestrii campanulates would have much higher encounter probabilities than saccates. 
The current results corrobate Gilbert’s conclusions.
Attack after encounter
Saccates and cruciforms were quite similar overall in their attack response to prey. 
Campanulates had a much lower probability of attacking prey after encounter. It is 
possible that the prey encountered were not recognized by the campanulates, or that 
campanulates chose not to attack after prey recognition. The inability o f small prey to 
trigger the attack response in Asplanchna campanulates has been observed by Gilbert 
(1980b, 1985a). Gilbert also has shown that the attack response o f Asplanchna is 
chemically, rather than mechanically, triggered (1980b), and suggests that a large surface 
area (of the prey) is required to deliver a threshold chemical stimulus to the larger 
predator. The other possible explanation for the low probability of campanulate attack in 
this study is that the campanulates sensed the prey but chose not to attack. Asplanchna is 
a ver>' selective predator. Gilbert (1978) found that campanulate A. sieboldi were much 
more likely to attack large congeneric prey than the comparably-sized alga Volvox aureus
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or the smdHoT Brachionus calyciflorus. Gilbert’s campanulates even showed selectivity in 
which clones they attacked as well, actively avoiding both male and female clonemates. 
Since none of the prey I presented to campanulate A. silvestrii completely failed to trigger 
an attack response, it seems likely that the campanulates were exercising selectivity in 
feeding.
Ingestion after attack
All of the morphotypes had similar probability of ingesting prey after attack. One notable 
difference, however, is that saccates were never able to ingest copepod nauplii. The 
saccates also demonstrated slightly reduced ability to ingest the large B. plicatilis, the 
handling time seemed longer and ingestion appeared to require more rigorous 
manipulation into the jaws. However, the saccates did not have a significantly lower 
ingestion probability for this prey type than the other predator morphotypes. This is 
possibly because o f the wide variation in saccate ability.
The absence of significant distinction among the morphotypes’ ingestion capabilities may 
be due to the relatively limited range of prey size I used in this study (250 pm to 450 pm). 
Gilbert found that the upper limit of prey consumed by Asplanchna is determined by the 
size of the corona (1980b), and I would expect that this difference among morphotypes 
would have been evident if my study had incorporated larger prey items. As previously 
mentioned, I cultured large Asplanchm morphotypes on Anemia franciscam  nauplii.
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These nauplii were too large for saccates to ingest. I also found large cruciforms and 
campanulates in water samples from October and November 1995 that had adult L. sicilis 
in their guts which were larger than saccates. Powers (1912) observed the voracious 
consumption of the fully-grown cladoceran Moina by the larger morphotypes of 
Asplanchna and noted that saccates infrequently ingested very young Moina. Rousselet 
(1913) reported "large and powerful" A. silvestrii morphotypes eating adult copepods in 
Devil's Lake. While the focus of this study was rotifer predator-prey interactions, the 
inclusion of a wider size range of prey in this study probably would have resulted in 
differentiation among morphotype ingestion capabilities. All A. silvestrii morphotypes 
seemed able to utilize this particular size range of prey.
Ingestions per minute
Saccates and cruciforms showed similar rates of ingestion, while campanulates’ ingestion 
rates were much lower than the smaller morphotypes. Even though the campanulates 
encountered prey more frequently than saccates and cruciforms, their probability of 
attacking prey was so much lower that campanulates had low feeding rates overall. As 
noted in the previous section, if I had included larger prey, campanulates may have shown 
higher ingestion rates than the smaller morphotypes that have reduced ability to handle 
large prey (Gilbert 1980b). Likewise, if I had included more highly preferred prey of 
campanulates, perhaps their probability o f attack would have been greater as well (Gilbert 
1978).
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Prey susceptibility 
Encounters per minute
Copepod nauplii were significantly more likely to be encountered by Asplanchna than all 
prey except H. jenkinae. Since the nauplii I used were roughly the same size as B. 
plicatilis (large), B. pterodinoides, and H. jenkinae and were presented to the predator in 
the same densities, this greater likelihood of being encountered is probably due to the 
nauplii’s faster movement (see Gerritsen 1980). Nauplii were the most active prey in this 
study. The movement of nauplii was saltatory; nauplii were motionless for a few seconds 
at a time between short skips through the water. Water movements and contact with any 
surface or organism triggered a fast, long jump. Thus, copepod nauplii seemed to be 
always moving quickly in short skips or long jumps during the experiments. H. jenkinae 
showed a similar escape response that was often elicited by contact with the surface of the 
observation chamber and other rotifers, but otherwise its movement was usually somewhat 
slow and cruising. This probably explains Hexarthra's encounter rate that fell between 
nauplii and the other rotifers. Sarma (1993) noted similarly high encounter rates for 
Hexarthra intermedia and Asplanchna brightwelli that seemed to be explained by H. 
intermedia's high activity.
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Attack after encounter
Generally, copepod nauplii and H. jenkinae were attacked less frequently than the other 
prey, perhaps because these two p r^  seemed to be able to detect the predator and escape 
before it detected them. The highly mobile rotifer Polyarthra has also been found to be 
capable of escaping attack by Asplanchna by initiating an escape response before the 
predator detects its presence (Gilbert and Williamson 1978). While the attack probability 
of cruciforms and saccates was lower with these evasive prey, the campanulate attack 
frequency appeared to increase with H. jenkinae and the nauplii despite their evasive 
maneuvers. It could be that more active prey are more easily detected or otherwise 
preferred by campanulates.
The large morphotype of B. plicatilis and B. pterodinoides were more likely to be 
attacked after encounter than all other prey. Of the prey that did not actively escape 
attack, B. plicatilis (large) and B. pterodinoides were the largest (ca. 450 pm). It is 
possible that A. silvestrii selectively attacks larger prey. This conclusion is supported by 
the more frequent attack of large B. plicatilis than small B. plicatilis overall, but the 
predator morphotypes did not all show a significantly increased attack probability with 
larger prey. Unlike cruciform and campanulate predators, the saccates did not attack the 
small B. plicatilis significantly less frequently than they attacked the large B. plicatilis. B. 
satanicus appeared to be attacked less frequently than the other non-evasive rotifers, 
although the small number of replications prevents a conclusive distinction. These short- 
spined B. satanicus are approximately the same length as the small morph of B. plicatilis
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(250 ^im), but are much more dorso-ventrally compressed, so that overall body size o f B. 
scaanicus is probably slightly less than the small B. plicatilis. Sarma (1993) found that 
larger prey had a greater probability of being attacked after encounter with Asplanchna 
brightwelli. It would appear that larger prey are also more likely to be attacked after 
encounter by Æ silvestrii.
Ingestion after attack
The evasive prey H. jenkinae and copepod nauplii were ingested much less fi'equently than 
the less mobile prey. H. jenkinae and the nauplii shared a similarly low probability of 
being ingested by A. silvestrii in general. However, despite their overall similarity, nauplii 
proved to be entirely immune to predation by saccate predators while H. Jenkinae was 
occasionally eaten by saccates. Otherwise, both evasive prey had comparable abilities to 
escape predation from cruciforms and campanulates.
The short-spined B. satanicus was less frequently ingested than the similarly sized B. 
plicatilis (small). B. satanicus was the only prey in this study that was ever rejected by 
the predator after capture. Several times I observed saccates and campanulates capture B. 
satanicus, attempt to manipulate it into the jaws for several seconds without success, and 
then release the prey. Each time the prey swam away seemingly unharmed. I did not 
observe similar rejection by cruciforms, but it is again important to note that the number of 
experiments I was able to perform with B. satanicus was very small. However, it does
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appear that even short-spined B. satanicus has some defense against Asplanchna 
predation.
While large prey appeared to be more frequently attacked than small prey, small prey may 
be more easily ingested after they are attacked. The pairwise comparisons following the 
two-way ANOVA found the small B. plicatilis to be significantly more frequently ingested 
after attack than the large B. plicatilis. It seems likely that this is the case since the 
handling of smaller prey should be easier îor Asplanchna (Stemberger and Gilbert 1987a), 
but the statistical distinction between the ingestion probabilities of the large and small B. 
plicatilis in this study is somewhat questionable given the aforementioned difficulty of 
analysis of this data set.
Ingestions per minute
H. jenkinae and nauplii proved to be least susceptible to predation by A. silvestrii. Even 
though the more active prey are encountered more frequently, their high mobility allows 
them to escape predation either by evading attack or ingestion after attack.
The vulnerabilities o f the Brachionus species were generally similar, with the exception of 
B. satanicus which seemed somewhat more resistant to predation. Even though the large 
B. plicatilis was attacked slightly more frequently than the small B. plicatilis, the smaller
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prey was slightly more easily ingested than the large B. plicatilis which seemed to balance 
their overall probabilities of being eaten. B. pterodinoides appeared to have no defenses 
against predation. However, as previously mentioned in Methods, I actively attempted to 
keep B. pterodinoides from attaching itself to the dish walls, but I have observed some B. 
pterodinoides affixed to aquatic plants in Little Fish Lake samples. In nature these animals 
may reduce their risk of Asplanchna predation by attaching to aquatic plants. I do not 
know if Asplanchna can effectively remove B. pterodinoides from a surface, but I have 
found that B. pterodinoides is difficult to dislodge with a pipet once it settles to the 
bottom o f an observation dish. Conclusions about the susceptibility of B. satanicus may 
be premature at this point, but the experiments did suggest that even short-spined B. 
satanicus has some defense against predation. Its small size may reduce Asplanchna 
attack frequency and its shape or strong integument occasionally leads to seemingly 
harmless rejection.
Predator-prey interactions
With the exception of encounter rate, all functional elements of the predation process 
showed significant variation among different predator-prey combinations in the two-way 
ANOVA. Predator-prey interactions did not significantly affect encounter rate. The lack 
of significant differences in encounter rate among predator-prey combinations, while 
significant differences among predator-prey combinations existed in every other functional 
element, likely reflects the independence of predator and prey swimming behaviors before 
contact. This finding corrobates the generally held supposition that rotifers do not possess
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distance perception (reviewed by Salt 1987), an ability that would presumably enhance 
food gathering efficiency by enlarging the rotifer’s perceptual field. However, once 
contact was established by encounter, predator-prey interactions were significant. The 
rapid escape responses of the nauplii and H. jenkinae substantially reduced attacks and 
ingestion (relative to less mobile prey) by saccates and cruciforms, but not by 
campanulates. The greater size of the large morph of B. plicatilis, relative to the small 
morph, afforded some protection against predation by small saccates, but did not appear 
to affect predation by the large predator mophotypes. The finding in the two-way 
ANOVA that predator-prey interactions are significant in this study supports the 
hypothesis that A. silvestrii morphotypes differ in their capabilities of exploiting different 
suites of prey.
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Summaiy
5/ze q//7rey—Brachionus plicatilis Large v. Small
There was no difference in the frequency with which large and small morphs of B. 
plicatilis were encountered. Large prey were attacked slightly more than small prey, but 
small prey were ingested slightly more than large prey. These two factors seemed to 
compensate for each other so that there was no overall difference in the rate at which large 
and small B. plicatilis v/ere ingested by A. silvestrii.
A/oi///7y—Hexarthra jenkinae v. other rotifers
Even though highly mobile prey are more frequently encountered than less mobile prey, 
they are less frequently attacked and ingested. Overall, high mobility of the prey results in 
lower ingestion rates.
Taxon—Copepod nauplii v. rotifers
The vulnerability o f copepod nauplii to A. silvestrii predation was quite similar to that of 
the similarly evasive and comparably sized rotifer H. jenkinae, suggesting that mobility 
was a more important factor in predation than any possible effect of taxon.
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Spines—Short-spinedB. satanicus v. B. plicatilis Small
The short-spined lorica of B. satanicus appears to confer some protection against A. 
silvestrii predation. B. satanicus was the only prey in this study that was rejected by the 
predator after capture, resulting in ingestion rates that were lower than those o f the 
similarly sized small morph of 5. plicatilis.
Predator morphotypes
Saccates and cruciforms were similar overall. Campanulates had higher encounter rates, 
but were much less likely to attack this array prey after encounter, resulting in low 
ingestion rates overall. While high mobility of prey substantially reduced the predation of 
saccates and cruciforms, the campanulate ingestion rates were not affected, suggesting 
some partitioning of predation capabilities among the morphotypes within this array of 
prey.
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